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We claim: 

1. Substantially purified DNA comprising DNA 
encoding an amino acid sequence selected from the group 

5 consisting of the amino acid sequence of: (i) Streptococcus 
pyogenes DNase B enzyme as shown in Figure 4; and (ii) a 
sequence encoding a functional equivalent of S . pyogenes DNase 
B enzyme, the DNA being substantially free of DNA that does 
not encode the amino acid sequence of Figure 4 or a functional 
10 equivalent of S . pyogenes DNase B enzyme except for a leader 
peptide fused to the amino terminus of S . pyogenes DNase B 
enzyme , 

2. The DNA of claim 1 wherein the DNA further 

15 comprises a DNA sequence encoding a leader peptide fused to 
the amino terminus of S . pyogenes DNase B enzyme, 

3. The DNA of claim 1 having the nucleotide 
sequence of Figure 3 . 

20 

4. An expression vector for Streptococcus pyogenes 
DNase B enzyme comprising the DNA sequence of claim 1 
operatively linked to at least one control sequence compatible 
with a suitable bacterial host cell, 

25 

5. An expression vector for Streptococcus pyogenes 
DNase B enzyme comprising the DNA sequence of claim 3 
operatively linked to at least one control sequence compatible 
with a suitable bacterial host cell. 

30 

6 . The vector of claim 4 wherein the DNA encoding 
the Streptococcus pyogenes DNase B enzyme is linked to at 
least one sequence from bacteriophage X. 
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7. The vector of claim 5 wherein the DNA encoding 
the Streptococcus pyogenes DNase B enzyme is linked to at 
least one sequence from bacteriophage \. 

8. A bacterial host cell transformed with the 
expression vector of claim 4 in a manner allowing the 
transformed bacterial host cell to express the Streptococcus 
pyogenes DNase B encoded by the DNA incorporated within the 
expression vector of claim 4 in a detectable quantity. 



9. A bacterial host cell transformed with the 
expression vector of claim 5 in a manner allowing the 
transformed bacterial host cell to express the Streptococcus 
pyogenes DNase B encoded by the DNA incorporated within the 

15 expression vector of claim 5 in a detectable quantity. 

10. SubstantiallyjL^urif ied S. pyogenes DNAse B 
enzyme comprising a protein 6a|Wing the amino acid sequence of 
Figure 4. \ 

20 

11. A process for producing substantially purified 
Streptococcus pyogenes DNase B enzyme comprising: 

(a) culturing the bacterial host. cell of claim 8; 

(b) using the cultured bacterial host cell to 
25 express the DNase B enzyme; and 

(c) purifying the enzyme from the cultured bacterial 

host cell. 

12. A process for producing substantially purified 
30 Streptococcus pyogenes DNase B enzyme comprising: 

(a) culturing the bacterial host cell of claim 9; 

(b) using the cultured bacterial host cell to 
express the DNase B enzyme; and 

(c) purifying the enzyme from the cultured ^bacterial 

35 host cell. 
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13 . Streptococcus pyogenes DNase B enzyme prepared 
by the process of craim 11. 

14 • Streptococcus pyogenes DNase B enzyme prepared 
5 by the process of claim 12 . 

15 . Streptoco\:cus pyogenes DNase B enzyme fused at 
its amino terminus with aXleader peptide, the leader peptide 
having the sequence M-N-L-K-G-S-R-R-V-F-S-K-K-C-R-L-V-K-F-S-M- 

10 V-A-L-V-S-A-T-M-A-V-T-T-V-tY-E-N-T-A-L-A-R (SEQ id NO: 1) . 

16. A mutant of the^ protein whose amino acid 
sequence is shown in Figure 4 /I^ which at least one of the 
following mutations occurs: 

15 (a) a deletion of one \r more amino acids from the 

sequence of Figure 4; 

(b) an insertion of one br more naturally- occurring 
L-amino acids into the sequence of Figure 4; and 

(c) replacement of at leas t\ one of the amino acids 
20 of Figure 4 with an alternative naturally occurring L-amino 

acid; 

the resulting mutant having reduced or increased DNase B 
activity or another altered property, 

25 17. The mutant protein of claim Vs wherein the 

mutant substantially maintains the antigenic^ reactivity of 
natural S. pyogenes DNase B enzyme. 



18. A transcriptional fusion comprising at least a 
portion of the S . pyogenes DNase B DNA sequence of claim 3 . 
fused with another gene, with the fusion having a detectable 
property altered from the property of the sequence of claim 3 

19. A translational futeion comprising at least a 
35 portion of the protein coded for ^^Lfehe S . pyogenes DNase B 

- protein sequence of claim 3 fused wd\h another protein, with 
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the fusion having^ detectable property altered from the 
property of the protein coded for by the sequence of claim 3 . 



10 



20. Substantially purified Streptococcus pyogenes 
DNase B enzyme substantially free of proteins other than: (1) 
the Streptococcus DNaseVB enzyme and (2) Streptococcus DNase B 
enzyme fused at its amino terminus with a leader peptide, the 
substantially purified protein being substantially free of 
mitogenic activity. 



15 



21. The substantially purified S-. pyogenes DNase B 
enzyme of claim 20 comprisingX Fraction I of S . pyogenes DNase 
B enzyme and substantially free of Fraction II of S. pyogenes 
DNase B enzyme. 



20 



22. The substantially Wr S . pyogenes DNase B 

enzyme of claim 20 comprising Fca^i^^n II of S . pyogenes DNase 
B enzyme and substantially free of Fraction I of S . pyogenes 
DNase B enzyme. 



23, A process for preparingV substantially purified 
Streptococcus pyogenes DNase B enzyme opmprising: 
(a) absorption to and elutioA from 
25 diethylaminoethyl cellulose to produce aXfirst eluate; 

(b) chromatography of the first\eluate on phenyl 
agarose to produce a second eluate; 

(c) chromatography of the second )^luate on heparin 
agarose to produce a third eluate; and 

30 (d) chromatof ocusing of the third ^luate to produce 

substantially purified DNase B enzyme. 



35 



24. The process of claim 23 further \compr is ing 
purification of the substantially purified DNasa B by* reverse- 
phase high-pressure liquid chromatography. 
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25. Substantiallflp^purif ied Streptococcus pyogenes 
DNase B enzyme produced by^pe^ process of claim 23. 

26. A single- stranded nucleic acid probe 

5 hybridizing with the DNA sequence coding for the amino- 

terminal 23 amino acids of the Streptococcus pyogenes DNAse B 
enzyme, not including any portion of the leader sequence 
thereof, with no greater than about a 30% mismatch. 

10 27/v An antibody specifically binding the 

Streptococcus pyogenes DNase B enzyme of claim 13 . 

28. An antibody specifically binding the 
Streptococcus pyogenes DNase B enzyme of claim 14. 

15 

29. An antibody specifically binding the 
Streptococcus pyogenes DNkse B enzyme of claim 20. 

30. An antibody specifically binding the 
20 Streptococcus pyogenes DNase ^\^enzyme of claim 25. 

31. A monoclonal antiotody specifically binding the 
Streptococcus pyogenes DNase B enzyme of claim 13 . 

25 32. A monoclonal antibody specifically binding the 

Streptococcus pyogenes DNase B enzyme of claim 14 , 

33. A monoclonal antibody specMically binding the 
Streptococcus pyogenes DNase B enzyme of clVim 20. 

30 

34. A monoclonal antibody specifically binding the 
Streptococcus pyogenes DNase B enzyme of claim Vs . 

35. A method for detecting and/or determining anti- 
35 Streptococcus pyogenes DNase B antibody in a test s^ple, 

comprising the steps of: 
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rrfa) providing a test sample suspected of containing 
anti- Streptq|coccus pyogenes DNase B antibody; 

(k) adding a quantity of the Streptococcus pyogenes 
DNase B enzyme, of claim 13 to the test sample, the quantity 
5 being sufficient to produce a detectable level of enzymatic 
activity in the aibsence of inhibition of the enzymatic 
activity by ant i -DNase B antibody in the test sample; and 

(c) determining a level of activity of DNase B 
enzyme in the test sWple by performing an enzyme assay to 
10 detect and/or determiiie the anti- Streptococcus pyogenes 
antibody in the test sair5)le. 

36, A method fipr detecting and/or determining anti- 
Streptococcus pyogenes DNase B antibody in a test sample, 

15 comprising the steps of: \ 

(a) providing a test sample suspected of containing 
anti - Streptococcus pyogenes Di^ase B antibody; 

(b) adding a quant itV of the Streptococcus pyogenes 
DNase B enzyme of claim 14 to tiieA sample, the quantity 

20 being sufficient to produce a detectable level of enzymatic 
activity in the absence of inhibit^n of the enzymatic 
activity by anti -DNase B antibody inythe test sample; and 

(c) determining the level ot antibody of DNase B 
enzyme in the test sample to detect ana/or determine the anti- 

25 Streptococcus pyogenes antibody in the oest sample. 

37, A method for detecting andAp^r determining anti- 
Streptococcus pyogenes DNase B antibody in V test sample, 
comprising the steps of: \ 

30 (a) providing a test sample suspected of containing 

anti- Streptococcus pyogenes DNase B antibody; \ 

(b) adding a quantity of the Streptoco\:cus pyogenes 
DNase B enzyme of claim 20 to the test sample, thX quantity 
being sufficient to produce a detectable level of qn^ymatic 

35 activity in the absence of inhibition of the enzymaftic 

activity by anti -DNase B antibody in the test sample\ and 
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(c)\determining the level of activity of DNase B 



enzyme in the te^t sample by performing an enzyme assay to 
detect and/or determine ant i- Streptococcus pyogenes antibody 
in the test sampleX 

38. A memod for detecting and/or determining anti- 
Streptococcus pyogenes DNase B antibody in a test sample, 
comprising the steps of: 

(a) providing; a test sample suspected of containing 
anti- Streptococcus pyogenes DNase B antibody; 

(b) adding a qirantity of the Streptococcus pyogenes 
DNase B enzyme of claim 25\ to the test sample, the quantity 
being sufficient to produceXa detectable level of enzymatic 
activity in the absence of inhibition of the enzymatic 
activity by anti -DNase B antiiDody in the test sample; and 



enzyme in the test sample by performing an enzyme assay to 
detect and/or determine anti - Streptococcus pyogenes antibody 
in the test sample. \ 

39. A method for detecting and/or determining anti- 
Streptococcus pyogenes DNase B antibody in a test sample, 
comprising the steps of: \ 

(a) binding the Streptococcu^ pyogenes DNase B 
enzyme of claim 13 to a solid support; \ 

(b) reacting a test sample suspected of containing 
anti - Streptococcus pyogenes DNase B antibody with the 
Streptococcus pyogenes DNase B enzyme bouna to the solid 
support to bind the antibody to the enzyme and thus to the 
solid support; and \ 

(c) detecting the antibody bound toXthe solid 
support to detect and/or determine the antibody in the test 
sample. \ 



(c) determining theQl^el of activity of DNase B 
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40. \ A method for detecting and/or determining anti- 
Streptococcus pyogenes DNase B antibody in a test sample, 
comprising the steps of: 

(a) biiraing the Streptococcus pyogenes DNase B 
enzyme of claim lAto a solid support; 

(b) reactVng a test sample suspected of containing 
anti- Streptococcus wogenes DNase B antibody with the 
Streptococcus pyogenes DNase B enzyme bound to the solid 
support to bind the antibody to the enzyme and thus to the. 
solid support; and \ 

(c) detect ing\ the antibody bound to the solid 
support to detect and/oA determine the antibody in the test 
sample. \ 

41. A method f on detecting and/or determining anti- 
Streptococcus pyogenes DNasa B antibody in a test sample, 
comprising the steps of: /\] 

(a) binding the sLDTOr6coccus pyogenes DNase B 
enzyme of claim 20 to a solid support; 

(b) reacting a test sample suspected of containing 
anti - Streptococcus pyogenes DNas^ B antibody with the 
Streptococcus pyogenes DNase B enWme bound to the solid 
support to bind the antibody to tha enzyme and thus to the 
solid support; and \ 

(c) detecting the antibody MDOund to the solid 
support to detect and/or determine the antibody in the test 
sample. \ 

42. A method for detecting ana/or determining anti- 
Streptococcus pyogenes DNase B antibody iX a test sample, 
comprising the steps of: \ 

(a) binding the Streptococcus pyogenes DNase B 
enzyme of claim 25 to a solid support; \ 

(b) reacting a test sample suspectedXof containing 
anti - Streptococcus pyogenes DNase B antibody with the 
Streptococcus pyogenes DNase B enzyme bound to tne solid 
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support to bind the antibody to the enzyme and thus to the 
solid support; an\ 

(c) detecting the antibody bound to the solid 
support to detect ai^d/or determine the antibody in the test 
5 sample, 

43 . A metho'id for detecting and/or determining 
anti- Streptococcus pyocn^nes DNase B antibody in a test sample, 
comprising the steps of: 
10 (a) preparing \ buffered solution of the DNase B of 

claim 13 ; 

(b) reacting theNbuffered DNase B solution with a 
test sample suspected of conD^ining anti- S. pyogenes DNase B 
antibody; and 

15 (c) detecting a reacyC^pn between the DNase B and the 

anti -DNase B antibody by obsarvmg and/or measuring a change 
in light absorption and/or light Scattering in the solution. 



44. A method for detectmg and/or determining 
20 anti- Streptococcus pyogenes DNase B \ntibody in a test sample, 

comprising the steps of: 

(a) preparing a buffered solS^tion of the DNase B of 

claim 14; 

(b) reacting the buffered DNas^B solution with a 
25 test sample suspected of containing anti- S \pyogenes DNase B 

antibody; and 

(c) detecting a reaction between th^ DNase B and the 
anti -DNase B antibody by observing and/or measuring a change 
in light absorption and/or light scattering in ofie solution. 

30 

45. A method for detecting and/or deteAnining 
anti- Streptococcus pyogenes DNase B antibody in a t\st sample, 
comprising the steps of: 

(a) preparing a buffered solution of the D$fase B of 

35 claim 20; 
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(b) reacting the buffered DNase B solution with a 
test sample suspected containing anti- S, pyogenes DNase B 
ant ibody ; and \ 

(c) detecting a reaction between the DNase B and the 
5 anti-DNase B antibody by G^Dserving and/or measuring a change 

in light absorption and/or\light scattering in the solution. 

46. A method f or netecting and/or determining 
anti- Streptococcus pyogenes 4^se B antibody in a test sample, 
10 comprising the steps of: 

(a) preparing a buffered solution of the DNase B of 
claim 25; \ - 

(b) reacting the buffered DNase B solution with a 
test sample suspected of containing anti- S. pyogenes DNase B 

15 antibody; and \ 

(c) detecting a reaction Dfetween the DNase B and the 
anti-DNase B antibody by observing aird/or measuring a change 
in light absorption and/or light scattering in the solution. 

20 47. A method of using a promoter originally 

associated with the S . pyogenes DNase B gene to express a 
protein other than DNase B comprising: 

(a) separating the promoter originally associated 
with the S . pyogenes DNase B gene from the S . pyogenes DNase B 

25 gene; 

(b) operatively linking the promoter with a 
structural gene for a S . pyogenes protein other than the gene 
for DNase B; and 

(c) expressing the protein encoded by the 
30 structural gene. 

48. The method of claim 47 wherein the protein is 
expressed in S . pyogenes . 

35 ^49. The method of claim 48 wherein the protein is 

expressed in a prokaryote other than S . pyogenes . 
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50. A substantially purified promoter sequence 
derived from a promoter sequence originally associated with S . 
pyogenes DNase B including therein a start site for 
transcription and sites homologous to the consensus -10 and 
-35 sites of bacterial promoters. 




51. fe. process for using a leader peptide associated 
wipfi S. pyoaene^ DNase B enzyme to express a protein in a 
prokaryote compris 

(1) fusing the DNA coding for the protein to DNA 
coding for a leaderV)eptide , the leader peptide having the 
sequence M-N-L-L-G-sV-R-V-F-S-K-K-C-R-L-V-K-F-S-M-V-A-L-V-S- 
A-T-M-A-V-T-T-V-T-L-E->^r-T-A-L-A-R (SEQ ID NO: 1), SO that the 
fused DNA codes for a i^combinant protein with a single 
reading frame with the leader peptide being at the amino- 
terminus of the protein; 

(2) introducing 6^e fused DNA into the prokaryote; 

and 

(3) expressing the ^used DNA in the prokaryote so 
that the recombinant protein produced in a recoverable 
quantity. 



25 



52. The process of cl^m 51 wherein the prokaryote 
is E. coli . 

53. The process of claim ^1 wherein the prokaryote 
is a gram-positive bacterium selectea from Staphylococcus , 
Streptococcus . and Streptomyces specie 



30 54. The process of claim 51 

protein is excreted into the culture mediS 



.erein the recombinant 
of the prokaryote. 
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55. A method for immunizing a mdhimal against 
infection with S . pyogenes comprising admin:Dstering a quantity 
of the purified S . pyogenes DNase B enzyme o\ claim 13 to the 
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mammal suffi>cient to stimulate production of antibodies 
specific for \. pyogenes DNase B. 

56. A method for immunizing a mammal against 
infection with S Apyoaenes comprising administering a quantity 
of the purified S .\pyoaenes DNase B enzyme of claim 14 to the 
mammal sufficient ta stimulate production of antibodies 
specific for S . pyogenes DNase 

10 57. A methodXfor immunizing a mammal against 

infection with S . pyogenics comprising administering a quantity 
of the purified S . pyogenes mutant DNase B enzyme of claim 17 
to the mammal sufficient to stimulate production of antibodies 
specific for S . pyogenes DNa^e B, 

15 

58. A method for j^r^nizing a mammal against 
infection with S . pyogenes cbffrfbising administering a quantity 
of the purified S . pyogenes DNaste B enzyme of claim 20 to the 
mammal sufficient to stimulate production of antibodies 
20 specific for S . pyogenes DNase B. 



25 



59. A method for immunizing a mammal against 
infection with S . pyogenes comprisingXadministering a quantity 
of the purified S . pyogenes DNase B enzyme of claim 25 to the 
mammal sufficient to stimulate production of antibodies 
specific for S . pyogenes DNase B. 



30 



60. A method for treating cysti\: fibrosis in a 
patient with cystic fibrosis comprising: 

(a) generating an aerosol of the burified 
enzymatically active DNase B enzyme of claim uB; and 

(b) administering the aerosol to a patient with 
cystic fibrosis in a quantity sufficient to reojice lung fluid 
viscosity in the patient. 



35 
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61. \ A method for treating cystic fibrosis in a 
patient with c^tic fibrosis comprising: 

(a) generating an aerosol of the purified 
enzymatically actWe DNase B enzyme of claim 14; and 
5 (b) administering the aerosol to a patient with 

cystic fibrosis in a >miantity sufficient to reduce lung fluid 
viscosity in the patient* 

62. A method fo\ treating cystic fibrosis in a 
10 patient with cystic f ibrosisV comprising : 

(a) generating an aeropol of the purified 
enzymatically active DNase B dfci^jje of claim 20; and 

(b) administering the Verosol to a patient with 
cystic fibrosis in a quantity suff\cient to reduce lung fluid 

15 viscosity in the patient. \ 

63. A method for treating cVstic fibrosis in a 
patient with cystic fibrosis comprisingV 

(a) generating an aerosol of tbe purified 
20 enzymatically active DNase B enzyme of cla\m 25; and 

(b) administering the aerosol to >a patient with 
cystic fibrosis in a quantity sufficient to r\duce lung fluid 
viscosity in the patient. \ 
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